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DEVICE AND METHOD FOR SELF-ALIGNING POSITION REFERENCE SYSTEM 
BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to a system, and a method for using such a system, 
comprising active position transmitters to determine the position of a moveable platform. More 
specifically, the present invention relates to a method of using active transmitters to determine 
the position of an elevator in a hoistway. 

(2) Description of Related Art 

[0002] A Positioning Reference System (PRS) is a component of an elevator control system that 
provides fast and accurate position measurement of a moveable platform, in particular an 
elevator car, in a hoistway. Two problems associated with optical position reference systems, 
especially those for elevator Positioning Reference Systems, arise as the result of ambient light 
interference, especially in a glass hoistway, and reduced performance under emergency 
conditions due to fire or smoke. These deficiencies are fundamental when using optical detection 
of a passive reflector containing coded information. 

[0003] What is therefore needed is a high-accuracy positioning means with low cost for 
installation, and maintenance. 

SUMMARY OF THE INVENTION 
[0004] Accordingly, it is an object of the present invention to provide a system, and a method 
for using such a system, comprising active position transmitters to determine the position of a 
moveable platform. More specifically, the present invention relates to a method of using active 
transmitters to determine the position of an elevator in a hoistway. 

[0005] In accordance with the present invention, a positioning system for a moveable platform 
comprises at least one active array comprised of at least one light emitting element for 
transmitting a binary encoded identification, where the encoding may be spatial or temporal, 
positioned at a known location, at least one camera for acquiring an image of the at least one 
active array, means for receiving the binary encoded identification from the image, means for 
processing the image to determine the position of the active array with respect to the moveable 
platform, and means for combining the received binary encoded identification and the 
determined position to calculate a position of the moveable platform. 
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[0006] In accordance with the present invention, a method for determining a position of a 
moveable platform comprises the steps of providing a plurality of active arrays at fixed positions 
each active array comprising at least one light emitting element for transmitting a binary encoded 
identification, where the encoding may be spatial or temporal, affixing at least one camera to a 
moveable platform, imaging at least one of the plurality of active arrays with the at least one 
camera to produce an image, performing image processing on the image to receive the binary 
coded identification and to determine a position with respect to the moveable platform, and 
combining the binary coded identification with the position of the active array to determine a 
location of the moveable platform. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] FIG. 1 A diagram of the placement of the active arrays of the present invention. 
[0008] FIG. 2 A diagram of the Position Reference System (PRS) of the present invention. 
[0009] FIG. 3 A diagram of the method by which the PRS of the present invention is utilized to 
determine the position of the moveable platform. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 
[0010] It is a teaching of the present invention to provide an optical position reference system 
(PRS) incorporating a series of active optical transmitters, or arrays of optical transmitters, 
located along a hoistway, in place of the commonly used passive reflectors. The active optical 
transmitters convey both spatial and temporal information from which may be computed the 
location of an elevator. As is described more fully below, the basic position computation is 
accomplished through image processing, and, in one embodiment, by well-known triangulation 
methods. In practice, the present invention preferably incorporates the use of more than one 
camera attached to the elevator to provide for increased accuracy and fault tolerance. 
[0011] With reference to Fig. 1, there is illustrated the preferred placement of the active arrays 
1 1 of the present invention. Each active array 1 1 may be either a one-dimensional or two 
dimensional array of light emitting elements 12. Each light emitting element is preferably a 
Light Emitting Diode (LED), or, alternatively any IR, visible, or UV frequency light emitter. At 
least one, preferably two, active arrays are affixed at known position upon the doorframe 13 of a 
hoistway 14. In an alternative embodiment, active array 1 1 may consist of a single light emitting 
element 12. 

[0012] With reference to Fig. 2, there is illustrated the PRS 10 of the present invention. In 
addition to the active arrays 1 1 affixed to the doorframe 13, there is at least one, preferably two, 
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cameras 15 affixed to the moveable platform 21. In a preferred embodiment, moveable platform 
21 is an elevator car. The active arrays 1 1 are situated at known positions on the doorframes 13 
at each floor. When activated, the light emitting elements 12 of each active array 1 1 are 
activated in a predefined pattern. Each light emitting element 12 may be turned on or off. In the 
instance where the active arrays 1 1 are one or two dimensional arrays, the light emitting 
elements 12 of each active array 1 1 are turned on in a pattern unique to a particular active array 
1 1 . In this manner, each active array 1 1 displays a binary coded identification of the active array 
1 1 . In the instance that each active array 1 1 is comprised of a single light emitting element 12, 
the single light emitting element flashes on and off in a predetermined sequence which can be 
temporally interpreted as a binary coded identification of the active array 11. 
[0013] The unique code associated with each active array 1 1 as well as the position of each 
active array 1 1 is stored in a database 17 and is accessible by the PRS 10. In one embodiment, 
redundancy is added to the PRS 10 by overloading the binary coded identification of each active 
array 1 1 . As used herein, "overloading" refers to the practice of mapping more than one binary 
identification code to a single active array 11. Where such overloading occurs, each of the more 
than one binary identification codes may be flashed in rapid succession. In the event that a 
single light emitting element 12 is disabled, it may prove possible to deduce the identity of the 
active array 1 1 from the multitude of binary identification codes. In an alternative embodiment, 
the binary identification codes of each active array 1 1 may be dynamically configured. In yet 
another alternative embodiment, the unique code may include a spatial or temporal error 
correcting code (ECC) portion. 

[0014] In order to receive the binary identification codes, the PRS 10 images the active arrays 1 1 
as the moveable platform moves up and down the hoistway. The use of active transmitters, such 
as the light emitting elements 12, to visually transmit location information allows for the 
transmission of both spatial and temporal information to the cameras 15, instead of just spatial 
information as with passive reflectors. The light emitting elements 12 of the present invention 
possess approximately 4 times higher visibility in smoke than does a passive reflector for the 
same illumination intensity. In addition, the light emitting elements are able to increase the 
signal to noise ratio at the cameras 15 by dynamically varying the intensity of their emitted light 
in response to changes in the hoistway environment. Each active array 1 1 is powered by a power 
supply 23. In a preferred embodiment the power supplies 23 are comprised of wiring already in 
the hoistway. Alternatively, a battery or wireless power coupling may power the active arrays. 
[0015] In one embodiment, additional fault-tolerance and position accuracy may be obtained by 
using a plurality of cameras 15 and well known triangulation techniques, as illustrated with 
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reference to Fig. 3. Active arrays 1 1 are placed at the top and bottom of a door frame 13, in 
locations to allow triangulation on a single doorframe. This configuration is particularly 
advantageous for doorframes at the top or bottom of an express zone. When the moveable 
platform 21 is positioned such that two active arrays 1 1 are each within the field of view 19 of 
one of the two cameras 15, the active arrays can be imaged by the cameras. The images so 
captured undergo image processing by electronic computational device, such as a 
microprocessor, to determine the binary identification code of the active arrays 11, and to discern 
the absolute position of the light elements 12 in each image with relationship to the known 
positions of each camera 15. The actual positions of the active arrays 1 1, and hence, the light 
emitting elements 12, are retrieved from database 17 and utilized to determine the position of the 
elevator as described below. 

[0016] Provided that the distance Yj, the distance between each pair of active arrays 1 1 , is 
known and stored in database 17 the vertical offsets of the top and bottom of the moveable 
platform from each active array may be computed as: 



+1 — ^+1 



tan(cr 2 ) tan^) 



[0017] The known lengths^/ and y2 may change slowly over time and can be updated. 
[0018] In operation, therefore, as the moveable platform 21 moves up and down the hoistway 14, 
a camera 15 or cameras 15 receive coded binary information sent from the active arrays 1 L At 
least one camera must have in view at least one active array 1 1 at all times to determine absolute 
position. Imaging processing is performed by a computational device 27 on the image or images 
so captured to determine the offset of the cameras, and hence the moveable platform 21, from the 
active array/s 1 1. By retrieving the absolute position of each imaged active array 1 1 from 
database 17, the absolute position of the moveable platform may be computed. 
[0019] As described above, the PRS of the present invention allows for fault-tolerance by 
permitting the dynamic reconfiguration of the array for failed light emitting elements 21. In 
addition the PRS of the present invention permits the determination of an absolute position 
reference using a single visual reference over a period of time as when an active array 1 1 
comprises a single light emitting element 12. 

[0020] It is apparent that there has been provided in accordance with the present invention a 
system, and a method for using such a system, comprising active position transmitters to 
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determine the position of a moveable platform which fully satisfies the objects, means, and 
advantages set forth previously herein. While the present invention has been described in the 
context of specific embodiments thereof, other alternatives, modifications, and variations will 
become apparent to those skilled in the art having read the foregoing description. Accordingly, it 
is intended to embrace those alternatives, modifications, and variations as fall within the broad 
scope of the appended claims. 
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